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I
ABSTRACT

A general approach is documanted as & guide to aid in the formulation

and Implemeatation of ou-Liue, real time computer simulations. A computer

program MUL.I, is developed as an on-line, real time computer simu-

lation of antisubmarine warfare in a multiple burst nuclear enviroment.

The principals of the game are & submarine armed with torpedoes, and two

destroyers equipped with stand-off antisubmarine weapons. The simu-

Lation is intended as a demonstration of the on-line capabilities of the

United States Naval Postgraduate School computer system and as a tool

for further study of the factors involved in a representative AS4

operational environment.
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1. TN•TvroucTioi4

Simulation is a wieful tool of the operations a•mlyst. This is

a nAw ceucept, , .irst recorded simulations were rcdulcted Ly

,'e CLinesa in thn :2 of '"war chess" aod were probably •esd to teach

.;--g4 mea some of .:ýe concepts of battle without the inherent danger

of loss of life. Later accounts of simulations have, been recorded by

the Prussians, Trench and Germans [7E.

This technique of analyzing a problem by simulation is now employed

by all branches of the scientific co~aunity. The present day high speed

digital computer has given rise to a rapid expansion in the use of

simulation as a method of solution to military, scientific, management

and many other types of problem.

Convincing the reader or observer that a simulation 'models the

real world" is one of the primary problems confronting the analyst

who uses simulation techniques in the solutioa of a problem. One way

to minimize this doubt is to increase the role of the human in the

simulation. This can, in many cases, be done by the techniques of ou-

line simulation. While on the one hand, on-line simulation increases

the complexity of the problem by nature of the man machine interfa-e,

at the same time, on-line simulation adds very casplex logic (the man)

to the problem with minimal effort on the part of the designer.

The design of a simulation, and in particular an on-line s 4mulation,

can appear to be a formiaable task when first considered. Rowe.er, if

the designer has an approach in mind and proceeds in an organized

manner, the problm usually divides into mall parts that are each

relatively simple. It is the a&i of this thesis to ta!L-i a representative
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problem and develop a computer simulation that can be used as a

:eference for the construction of on-line, real time, computer simu-

lations in general.

4!
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2. FCT AT ION X ON-LI=f SIVATXONS

In the formulation of on-line simulations the detiner must first

lay dova a So~d foiou tion Jn the fo-. of a wll-planned oaclim . Tais

outline must bogin by initializinE and setting the scene for thn si n-

lation. When this has been accomplished the deasi-re mast torn his

attention to the devclopment of a loop that will include all the actions

and interactions expected to occur in the simalatlon. Inwlded as as

integral part of this loop is a timing uechanim that is flexible enough

to al?.ow the simulation to proceed at any rate resuired. A third part

of the formulation is concerned with providing a critique of the simu-

lation, either as a running critique or a compilation of pertinent facts

at the end of the simulation.

Initializing is the tera applied to that ,oyLwn ef the simulation

which is executed before "pl•yy" beiins. It 1 A.rcza data input. assign-

ment of particular valuss to the parameters and eterbg startig velma

required for indexing th. logic. Herein is provided the flecibility

required of any useful simulation. In the initializing portion the ground

work must be formed for performing sensitivity analysis if such analysis

is required. The initializing portion of the simulation must allow enough

flexibility to provide for the various scenarios possible in the particular

simulation. Clearly then, the initializing portion suet be designed with

these purposes as primary criteria and subject to boundary conditions,

such as equipment capabilities.

Reproduced From
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AN M ZRATIVI LOOP

In Saneral Mey on-line simulations contain an iterative loop that

,i Ycc:i 1ýr esý, *tzao peri". Therefore, one cf t.* first considerations

• • :.in ":.1a & of the deo;n is. tha determination of the steppiag

'nrvl Several factors arm I in.,ved in this esloction, the =*at

't'-tant beiag the assurasc* :-•t the stepping interval is compatible

with the logic flow of the situation being simulated. The designer must

:- conxider the amount of time required to accomplish the most co-

•.=t~i siauition situation that can occur in one cycle. These con-

al.t-.ations complete, the simulator must insure that the cycling is such

":'it the player is not bored with the data/action as prasanted and also

th•t this data/action is not presented at a rate too rapid for the player

to fully comprehend. With these considerations in mind, a tentative

looping cycle can be constructed and the designer may continue to develop

the necessary routines required to complete the iterative loop.

The loop should no be fepshioned in its most elementary form. The

d1.si3ner must consider several tasks that must be accomplished during

tich cycle. These include, for example, advancing all participants ones

time cycle, consiseration of the possible interactions that can occur due

to these moves, tabulation of the results of such interactions, press-,,-

tation of output to the player, permitting the player to comunizate with

the simulation, delt)ing the next cycle until the proper time interval

has transpired, and possible other consideratious dependent upon the

particular simulation.

care and planning must be exercised in the construction of this loop

since this is the foundation upon which the designer is to build his

simulation. if logical errori app"r in the order of those routines or
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S C€MpOnent is '1oL considered in this looe, the remainLng portion of

the design will be difficult, if not impossible. rl&nnLg Ln this

portion of the develop'ent will be time well spent.

THE C21TIQU1

The critique is that portion of the simulation in which the entire

simulation, or any integral part, is analysed and the results compiled

in condensed form. There are several basic techniques that may be

*.xjlored in this part of the simulation. The least complex of which is,

in most cases, a complete "recording" of tha gme that can be "replayed"

at a lter time at any speed desired. A sore complex aýproach to the

problem of performing a critique of a simulation is that of including

a recording/analysing routine in the iterative loop. This routine would

"extract the desired information during each cycle of the loop. It is

apparent that not every cycle nAed oe recorded, and therefore, a decision

lo;ic must ba included that will extzact all necessary information.

Associated with this technique must be a recording routine that can be

I queried at intervals or at the conclusion of the simulation.

Much care must be exercised in formulating the design and locztion

of the critique routine since this is the major mode of analysis avail-, hle

to the analyst. Flexibility tnd adaptabtlity are considerations that

must be made to allow the simulation to be fully appreciated as en

analytical tool and not just a "parlor game."

I



3. noGRAX WUUAIZAT0I0

In ;enaral, prograers attempt to modularize their programs. There

are several raaso*4 for this, the most obvious being that of providing

logical grouping of ideas. The large a--&!e simulation is usually modu-

larized by the use of subroutines. This us* of subroutines is coavenient

because-

. iseveral separate groups may be working on various sections of

the problem, and in many instance* the use of subroutines is the best

technique.

b. 'Coputations vhich are to be called upon several times in the

main program are beat handled by the use of subroutines.

c. The progam may be of a magnitude such that the entire program

cannot be compiled in one pass.

These reasons are valid for the large scale simulation. In simu-

lations which are moderate to small in size the use of subroutines may

add unnecessary factors to be consiaered, with the exception of reason

(b) above which is a valid reason for the use of subroutines in most

coi~uter applications.

By careful construction of the statement numbering schme, available

in languages such as 7YR.&N. the programmer of tie moderate to small size

simulation can modularise his program without the additional con.sideration

of designating camon storaee and the other difficulties experienced when

prograimn subroutines.

ADVAI!LGU

The above technique allows the designer to use the familiar computer

languages, such as FORTUR, in place of special simulation languages.

12
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It also allviaytes tht requirment of either providing the .eader with a

description of a special langusge or causing hi. to go to aemcber so•rce

to interpret the program. Using a "standard" language, such as FORTUr ,

the designea can reasonably assum that the reader needs little r as

explanation.

FLIMILITm

The use of modularisation with @tat t numbers gives all the

hgreut flexibility observed in the special languages when the simulation

.a of such a magnitude as to all-v ccmpilation in one peas. When si/mu-

lations are in the design and programming stages, the use of the above

technique can allow as much flexibility as the simulation require. 3xit

from the blocks when progr-inm in FgIMLA.I can be accomplished at any

"logical point with nothing sore than a si mla GO TO or CCMPUD GO TO

statement, and thus the logic flow is easily accomplished by this metbod.

13



4. MM VZIA3L , COCDIITLUS AND 3OATIO•

Certain special simulAtion languages provide for dynmic allocation

of storage for tables which facilitatas the designation of data in a

flexible an4 :xpandable iorm. This is rot necessarily required by the

moderate size simulation. The designer of these moderate size simulazions

may find the techniques as explained below more desirable, since his

proclas is not Senerall7 oae of storage liaitations. The criterion for

the dynamic versus preset storage decision is felt to be that of program

size. In prograzaing the moderate size simulation the programer may

find that constructing a schema for naming variables may zreste easier to

work with variables than the coplex tabular form of the special simu-

lation language. This was found to be true in the programing of the

exaupie simulation, )wnmcI, of this thesis.

The general approach to the naming of variables in the example

program was that of using vectors to represent a given paramtier, each

coponeut of the vector being representative of the value of that parameter

with respect to the unit conceried. An example, that of the X-coordinate

of the ith destroyer, being DDZ(I). Once the schaem is understood the

prograing moves along without a great amount of thought required by the

prograar as far as variable names are concerned. Certain variables

must be set aside as dummy or temportry- :ind these logically take on forms

such as: ITO., TEMP3, DU(ff(I), and forms that immediately classify them

in this eategory.

In general, several different coordinate systems are required in

simulations. In the war Same an overall "are of play" must be established.

This can be either rectangular or polar, two or three dimensional. The

14



axes of the rectangular coordinate system are not cecesa&&ily gradusted

in the same units. In the example progrm, for instance, Lt will be

seen that the third axis (depth) is dimensioned in feet, whilet the two

major axes are dimensioned in yards. further, th. third axis has tho

normally negative direction established as positive. These, perhaps

unorthodox, measures are taken to faciliLate programing; however, they

must be spelled out in the documentation of the simulation to prevent

possible misunderstanding.

Many simulations require more than one coordinate systm..to be

employed. The overall play is perhaps in a rectangular coordinate system,

while range aed bearing information may be required during the play of

the gae. This will necessitate the incorporation of an overlav of one,

or perhaps several, polar coordinate systems upon the base system. If

a "close-up" view is required during the play a translation aend/or

expansion to another rectangular system may be required. It can now be

seen that, in general, several coozdLoats systems will be used ir a war

gems type of simulation. Therefore, a plan for the designation of thes

various coordinate systems and their respcý..e t.anaiormatione mu.., bh

established early in the formulation of a simulation.



5. KaIMU~ I AN ZUWUTL

UlW 1 is an on-line, real time simulation used as an ex ple of

the application of ideas prasento4 in sections one thrcugh four. The

simulation had its btainning at the Naval ladiological Defense Laboratorfy

Hunters ?oiut, in the stasaar of 1965. During a six-veek tour of the

Nave•l WLdiological Defanse Laboratory, it was found that little bad been

done in the exploration of tactics and possible reactions of surface

antisubmarin* destroyers exposed to a self-inflicted multiple burst

nuclear environment. At this time the simulation used as an exaple in

this tbosis had its beginning. In the exa-ple program, MMLVCI, all

classified input parameters have been assigned. fictitious values so that

the computer prosram, as presented in this thesis, could remain unclassified.

In 1965, Lieutenant J. 9. Johnson progrmmed the on-line display, A

Display Date Corporation model DD 65, using a rather simple simulation

situation [2. Re did make a contribution in the form of an advancement

in the techniques of on-line progriam•ng of simulations. Having observed

a donstration of Johnson's program, it was felt that the technique of

on-line display would be ideal for the envisioned program, HULNCl.

Several links were missing in the chain necessary to put the envisioned

program on-line. The first link was & requirement for a routine to gen-

erate circles of arbitrary size and location. This was accomplished with

subroutine CIRCLI (see Appendix I1I). After completing subroutine

CIRCLE, attention was turned to the necessity for a random number gen-

irstor capable of Senerating several types of random variables. The

distributions of random variables required were uniform, normal, and

circular normal. These generators were written in the form of subroutines

16
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U IUWtN, NO L, and IRM. The subroutine WIAVAR is the basic random

number generator called by these subroutines in the generation of their

respective random variables. The above routine completed, only the

coviaication routines required to link the Control Data Corporation

1604 and 160 coarputars remained. This requirement wes satisfied by sub-

routines DCUtCIS, DTLCKT ?PA 6 and DSTA=X (se Appendix III and

Acknoladgsenets).

At this point the preliminary work was complete and the formulation

of the initializing, iterative loop, and critique portions of the sinu-

lation was begun. These three basic steps, as discussed in sectian two,

were incorporated into an executive control block.

The xecutive Control routine is flow charted in Appendix II and

consists of three major parts. T.he first of these parts is the

initializing portion. It is made up of forr blocks:

1. Inputs

2. Set Constants

3. initialize

4. tnter Input Changes

In this subsection we shall consider the first three, leaving the

latter for discussion in the subsection titled Man Machine Interface.

The Inputs block is the one in which "standard" or nominal input

parmeters are set. These parameters are listed below.

Number of Destroyers

Tlme Vector

Destroyer and Submarine Maxium Speed

Submarin•• ull Parameters

18



Initial Courses and Speeds

Nominal Tield of Nuclear Weapons

Depth of Theruocline

Maximum Range of Weapons

Detonation Parmters for Weapons

Random Number Generator Initializer

Any of these parameters may be changed La the enter input changes block

(see Man Machine Interface subsection). These oarameters were chosen

as the minimal requirements necessary to produce a simulation that has

some resam and yet is not too complez. The structure of this program

is such that any block can be expanded to include more parastars,

thereby creating a more realistic sinulation.

Set Constants in a block used, a" the name plies, to laitialise

non-changeable inputs. In this block, all the logic indicators are set

to orient the game. All damage and radiation levels are set at zero.

The indices for tracking, firing, and sonar contact are set at zero.

This is easily followed by cross refarencin A4ppendices I and IV.

The Initializing block begins by initializing the random number

generator subroutLie and then calculates the following parameters:

Water Temperature Gradient

Submarine Crush Depth

Operational Depth of Submarine

Wind Direction and Velocity

Minimum Safe Ramse of Weap•ons (61

Effective Sonar I.asm

Sea State

19



These calculations are straight forward and can asily be followed by

cross referencing Appendices I and IV. The block also presents input

parameters of interest to the destroyer tems, subnari; . team (if selected),

and critique routine.

Subsurface nuclear bursts are divided irto four classifications:

1. Very Shallow

Z. Shalle"

3. Deep

4. Very Deep £4]

The criteria for selection of classification are depth of burst and yield.

The det*rmination of classification of burst is made at this point in the

program an& an index IZZP is set (see Appendiz 1). The four matrices of

output data are filled with negative zero, since negative zero is pro-

Srmmed not to print on the displa,.. Finally, if the role of the sub-.

marine 's to be played by the coputer, the basic strategy of the sub-

marine Li randomly detearined (see Submarina Logic Model).

The next major part of the Executive Control loutine is the iterative

loop. It in made up of eight blocks:

1. Plot Positions

2. Display Data

3. Plot Generator

4. Interactions

5. ladistift Model

6. Sater Changes

7. Submarine Logic Model

S. Time Loop

The first three of these will be considered na, while the remaining block@

will be explained in later subsections.

20



The Plot Positiotis bl,ýck is utilized to tranemit output information

to the left tube of the DD 65 (see Figure 2). This output informatlon

conIsists of tlo following data:

Destroyer Tracks

Sonar Contact Plots

Destroyer Comrses, Speeds and Coordirates

Orientation and Size of Area Displayed

Important Messag3s to the Player

This inloraatlsn presentation is co-.erad in more detail in the section

on Mam Machino Interfece.

The Display Data block performs the suam function with respect to

the right tube of the DD 65 (sea Figure 3). Figure 3 listri the data

displayed by this block and for this reason it will not be listed at

this point.

The final major part of the Ixecut±v Control i-outine to be con-

sidered at this time is the Critique block. This block critiques the

simulation by performing several tasks. The entire simulation is recorded

on magnetic tape and can be reviewed at a later time. If any significant

action or interaction Occurs game time and ths nature of the action/

interaction are recorded by the Critique I block. A narrative pri-it out

is made at the conclusion of the simulation by the Critique 11 block.

To correlate this infors•tion a graph plot of the tracks of destroyers,

submriuss, and all pools and clouds of radiation is made. Detail of

these operations is documented in Appendiax IV.

PLOT GENZWAOR

The Plot Generator block advances all participants each time step

(see Appendix IX). The block th.n determines if there are any clouds or

pools of radiation. If there are cl-iads, they are advanced using wind

21
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~ ~6HT TUBE WSPLgJ%

INPUT PARAMEIERS
NUMBER OF DESTROYERS ... 2
SIZE OF ASROC WARHEAD .2. 0.0 KT
DEPTH OF THENMOCLINE ... 120.0 FT
MAXIMUM RANGE OF ASROC . 9000.0 YARDS
DEPTH OF .BURST ....... , 700.1 rr

SINK RATE OF WARkEAD ,.. 18.0 FT/SEC

i TIME FACTOR ............ 5.0
WATER TEMP GRADIENT .. ,. -. 535 DEG/IOOFT

EFF SONAR RANGE $171. wIND DIRECTION 179

GAME TIME 42.5 WIND VELOCITY 25.

WARHEAD SIZE 2.0 SEA STATE 7

DDI DD2
MAX SPEED AVAIL 33. 33.
CONTACT CLASS I

SONAR RANGE 4899.

SONAR BEAnING 65

DOPPLER 1
TARGET COURSE 2
TARGET SPEED 22.

.FIRIND SOLUlION 1
RADIATION RATE
RADIATION DOSE

FIG= 3
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velocity and direction to determine motion, and the radius is comuted

Ell. Pools are coniidered to be stationary since their drift is negligible.

IN, Z CT I C1

Interaction is the largest block and for clarity has been broken

into sub-blocks. Them sub-blocks are:

1. Sonar Contact Model

2. Contact Tracking Model

3. Wsepon fitree' Model

4. Evaluation Modal

The inte:actions block is constructed in the form of a loop that considers

the interactions of each unit in succession. The organization is well

documented in Appendices 11 and IV and will not be further explored at

this timeq however, the details of the four sub-blocks li3ted will ba

considered below.

Scri COfL&CT "M~EL

The Sonar Contact Model uses a ray path theory detection schwe in

a deterministic manner [3). This determinittic detection range then has

a variance superimposed upon it. The net result is a fairly realistic

sonar detsction model. T:.e major limitation of this model is that it

only handles the constant teperature gradient case. The inclusion of

othor yradiznta causes the sonar detection proble to assume a much more

complax nature. Included in the model is a degradation of sonar range

due to excessive destroyer speed. The range and bearing given as outputs

f rom this model have range and bearing errors included. The d-tt, with

these errors, is thsn utilized by the tracking and firing models. Doppler

is also calculated in the model and sent to the display as:

24



1. Up Doppler

2. Down Doppler

3. Nbo Dopplaet

C~r."CT TRACXfl ?MV1

"':# Contact Tracking Model "qga as input data the output of the

Sonar Contact Model. A simple criteria, requiring three coaascutiv.

marks from the sonar model, is used to distinguish n-contacts from

contacts. Once three corsecutive marks are rereived, the model determines

the contact course and speed. This is done with a simple no parameter

track model that considers at least three but no more than five marks.

The course and speed of the contact are determined from the !irst and

last of these marks. This track model is unsophiaticated but the error

induced in the output is fairly realistic. This model is of the first

that should ie improved upon if more worb is to be doas on this simulation.

The output of this model is in the form of contact course and speed. This

model provides dual routing, dependent upon the track. This will be

discussed further in the subsection on Block Sequencing. Determination

of whether or not the target i, in firing range is made just before exiting

the routine.

WEAPO FIRING )WU.

The Weapon Firing Model takes the last position of the contact froa

the Sonar Model, the contact course and speed from the Tracking Model,

and then determines a firing solution. The range is considered, with

time of flight and sink time, and the time of burst is determined. A

dead reckoning position of the target is computed from the track data

and this position becomes the aim point of the wespon. The model then

25
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calls subroutine n11= from which the true fall of shot is determined.

bTe weapon is given a reliability check in the model and if this test is

foiled, the player will be notified that the weapon has aisfirod tsee

man, Xachina Interface sut.4tion),

Sr~VALUATC Net Z~L

The evaluation model initialises the pool and cloLi of radiation

created by the subsurface nuclar burst. To accomplish this the model

takes data from the firing nodel i.r the location of ground sero and

data from the inputs bloek for yield, depth of burst, and type of burst.

The radius of the radioactive pool is then determined [4] (the cloud

parameters are computed in the plot generator nodel).

A simple criteria for damage to the submarine is used. The lethal

range is determined using submarine hull parameters, yield of warhead,

and submarine depth as received from the submarine logic model. Slant

range to the burst from the submarine is conputed. If the submarine is

within the lethal range, damage is 100%. If tha submarine is outside a

radius equal to twice the lethal range, damage is sero. Values of sub-

~srina dama&e be.-ia zero and 100% are computed by a linear relation-

ship, the, if at any time the submarine's total d: .. e reaches the 75n

level, the Same is terminated with the submarine considered as having

been sunk.

RADIATIN XM1L

-.- The Radiation Model determines if any weapons have been detonated.

If n=4 have beea detonated, the block is bypassed and the program con-

tinues. If weapons have been detonated, the model computes the distance

of each destroyer from all pools and clouds of radiation. The locatiou

26



and size of all pool. &M clouds is received fro the plot generator

model along vith the location of the destroyers. The model then determines

if the destroyers are within the perimeter of any pool or cloud. If this

condition exists, the radLation level in the cloud or pool is calculated

[1, 4]. The total radiation being received by each destroyer is then

calculated. The radiation rate and total radiation do"e for &ath

destroyer are computed and sent to the display (see Kan Machine Lntarface

subsection).

SUNA.ZI LOGIC MIEL

The submarine can be controlled in two vays:

1. By & submarine tun.

2. By the computer.

This decision is made in the enter input changes rou:tine. The program

is such that the computer vill play the rol, of the submarine unlss the

variable ISUB is net oquel to one by the enter input changes routine.

do ISUB is set equal to one, control of suesrins depth, Tohise, speed,

and veapoI firini ea turned ovnr to the submarine tde This to e will

receive passive sonar bearings and screw best information from the

console typewriter of the CDC 1604. They will be able to control the

movements of the submarine and its weapon firing by means of the console

typewriter and selective jump keys. The progra will query selective

jump key number tvo, once each cycle, to determine if orders to the

submarine are to be received. If selective jump key two is set the

computer will request orders (see Man Mach'am Interfece subsection).

The weapons (torpedoes) can be fired by setting selective jump key three

on the (CD 1604 console (see Man Machine Interface subsection). Under

this condition the simulation becomes a coaflict between two teams:
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1. A submarine toeas sing the DC 160.4 console.

2. A destroyer team using the 0 65 display counole*

If I= is unchanged by enter input changes (inputs block sets

this variable equtal to soro), the moves of the submarine are controlled

by the cautor. This being the case, two basic idtial tactical sit-

uations are available to the player. The first of these places the

submarine on the surface, at the origin of the playing are. The sub-

marine knows that he has been sighted and the Same proceeds. The second

situation haa the submarine randomly located in the upper half of the

playing aore. In this case the submarine's position is not known by the

player. It should be noted that this is the initi&l situation if the

submarine is to be controlled by a submarine team.

Initial situation o*u is selected by setting INIMIAL equal to sero,

while situation two is selected by setting this variable equal to one.

Having selected the initial situation the computer then selects one

of three basic strategies:

1. The submarine runs for it.

2. The submarine tries to transit between the two destroyers.

3. The submarine tries an end run, flanking the two destroyers.

The" strategies are esily followed in Appendix 1I and will not be

explored further at this point.

SBQU=K lc W' flO W BLOCIS

The blocks in this simulation are of two basic types:

1. A single point of exit.

2. Multiple points of exit.

The block that has a single exit point might be called a standard block,

in that, the block is called upon to perform a computation but no
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branching of logic is done witbin the block. The multiple exit block

is one in which the program is routed differently depending upon logic

decisions msade within the block. The sonar contact block Ls am example

of this type. In this block the routing depends upon the results of a

sonar search. If contact is made, the block exists to the contact

tracking block. If no contact is mada, the block exits to consider the

next destroyer.

The executive control routine flow chart in Appendix I1 illustrates

the time sequencing of the major program blocks. The simulstLon is

delayed at four points in the program which are:

1. Enter input changes routine.

2. Enter changes.

3. Submarine logic block.

4. The time loop.

The first of these interruptions takes place only during the initializing

portion. At this point any change to the input parameters is mods. The

second of these interruptions is made once during each time step, This

is the point at which destroyer team changes are sent to the CDC 1604.,

The third of these interruptions takes place if the situation using the

tubmarine team has beaz aelected. In this case the simulation may be

interrupted every time step to allow the sumserine team to enter chanes.

The fourth of these interruptions occurs each cycle and maintains the

time stepping interval.

It will be noted that in the executive control routine, each block

is considered in turn, no block is bypassed. In the interactions block,

it will be noted that, sub-blocks are not always considered. No sonar

contact by the sonar contact block causes the contact tracking block zo

be bypassed. The same is true of the weapon firing block if the tracking
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block does not generate a satisfactory track.

YN MACUW ITZIrACX

This xubsection is c--,csr=Ad with counications, both into end

out of the enmputor. These man-sachin communicatiour fall into four

types:

1. Data to and fran the destroyer tea.

2. Data to sad frno the sumarine teim.

3. Data to the various sodes of the critique routine.

4. Input changes.

The first type break& into three reaLa:

1. light tube info~mtione

2. Left tube info•mation.

3. Chantes sent to the CDC 1604.

The right tube Sives the destroyer tea data in tabular form as illustrated

in Figure 3. The left tube will display the tracks of the destroyers,

any #o*ar contacts, and all pools and clouds of radiation. Also included

in the display on the left tube is a series of windows in which data can

be displayed. The windows are numbered, as shown in Figure 2. Window

data easignments are as listed below.

Window Data Assigxwnt

1 1-coordinate of destroyer 1 100 yards

2 X-coordinate of destroyer 2 100 yards

3 I-coordinats of destroyer 1 100 yards

4 T-coordinate of destroyer 2 100 yards

5 Course of destroyer I Degrees true

6 Speed of destgeer 1 nots
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V 1nd ow Date Assig_ýet ut

7 Course of destroyer 2 DW&e. true

8 Speed of destroyer 2 [aots

9 X-coordinate of left tube center 100 yards

10 T-coardinuto of left tube center 100 yards

11-14 Available for flash mesages Alf-numeric

15 Not used

16 Radius of display on left tube 1000 yards

Windows 5-10 and 16 are controllable from tb& M 65 console by means of

a discrete digitnl type control system. In this marner the player ts able

to charge the destroyer course and speed, or "zoom" the display in oa any

poi .t in the area of play. Let us first consiaer windows five through

eig~ht.

On the DD 65 console (see Figure 4) there are buttons libelled

CONN DD 1 and COHN DD 2. By depressing one or both of these buttons the

player is given control of the course and speed of the destroyer or

destroyers selected. Near the button just selected is a group of four

buttons (see Figure 4) labelled RIGM, LEFT, FAST/U?, and SLM/DGdN.

Depressing one of these buttons will cause tbhe appropriate variable in

windows five through eight to change in the desired direction. AJs an

eamle, if the player depresses botb CnNN. buttoms and then the button

labelled RIGHT - both destroyers will comemnc a turn to the right.

They will continue this turn until the buttca labelled RIGHT is released.

The player can "come to a course" by depressing the correct button until

the desired course is displayed in the respective window. The sme
procedure is used for changing speed. It should be noted that the

windows can be changed to values that are unacceptable, such as -5 knots,

3
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in this case the program will cause this value to be changed back into

the acceptable range during the following cycle. The value of course

cau be increased to values reaster than 360 degrses, in which case the

pr•gram will correct to the acceptable value. For exampla, if the player

increases the course to 390 degrees, the program will convert this to

030 degrees during the next cycle.

The same basic procedure is utilised to "zoom" the dispLay to any

location desired. First the player selects the button labelled ShIFT

(see Figure 4). Be now has control of windows nine and tan. Depressing

the buttou labelled RimiT will cars* the display to shift to the right,

LOT accoplishe" the same action but to the left, and similarly with UP

and D(W3. To zoom in, the rLtary switch in the upper right hand corner

of the console is used (se Figure 4). This switch has six positions

labelled 4, 8, 16, 32, 64, and 128. Selection of one of the six positions

will cause the radius of the displayed area to be that of the value

selected, in thousar-s of yards. As an example, selecting SHIFT and

changing windows niine and ten to 240 and 150 respectively, then setting

the rotary switch to eight, will cause the area centered at (24000,15003)

with a radius of 8000 yards to be displayed on the left tube. Note that

window 16 will show the value eight, while windows nine and ten will show

240 and 150 respectively.

Windows 11 through 14 are used to send the player the following

flash messages.

SOS'k Cn-rACT

ASROC FIREM

ASROC MIESPIR

SUB SUNK

DD SUNK
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TARGET IN RANCGE

TARGLFT TOO CLOWX TO SHOOT

TAhR-GT OUT OF RANCE

Avother method of communication& is available to the destruyer teo=.

By depressisZ the DD I FIRE button, destroyer numbcr one fires an AZROC.

The same procedure is used with the DD) 2 FIRE button.

The next type of co•rmunications ava-lAble is that of the submavlz

team. This in,, of course, non-existent if the option is chosen in whtch

the submarine is Played by the computer. The submarine team will receive

eussages each cycle containing bearing and screw-beat infor!mtion. The

submarine team may then choose to maneuver the suboarine by setting

selective jump key number two on the console of CDC 1604. The ccoputer

will then type COLWE ORDERS on the console typewriter. This is the

indication that the computer is ready to receive course changes. If no

change is desired, the old course is typed in. If a change is requested,

the new course is typed in. The course typed in should be of the form

090. follovied by a carriage return. This will change the course and the

computer will return NEW SUB COURSE 090. This completes the course change

cycle and the computer will then type SPEED ORDERS, the same procedure

is used to enter speed changes. Upon completion of the speed entry the

computer will return NEJ SUB SPEED 15, followed by DZPTH ORDERS. The new

depth is now entered, and the computer vill return NEW SUB DEPTH 1050.

The routine is now finished and the program continues.

The only other action available to the submarine team is that of

firing torpedoes. This is accomplished by depressing selective Jump key

number three until the typewriter returns TORPEDO FIRED. At this time

the selective jump key should be returned to the normal position, unless
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another torpedo is desired. If a hit is scored, the typewriter will

return D=•SI0TP. SUM. When both destroyers are sunk the typewriter

will roeturn GA)%, OM. At the beginning of the Come, the typewriter

will give the submarine team the following information:

1. Maximum speed available to submarlne.

2. Maximum depth allowable.

The third type of communication is with the various critique routines.

Critique is accomplished in three ways:

1. A recording of all information on the DD 65 display is recorded

by the tape unit near the DD 65.

:!. A graph of the tracks of the DD's, submarine, and all radiation

is made on tape unit eight of the CDC 1604 (tbe graph has game time

recorded by each mark to aid in correlating with the various other parts

of the critique routine).

3. A critique of all important events ard their time ia recorded

on tape unit five of the CD 1604 for print out at the conclusions of the

game.

These three methods of critique, if correlated, will give an excellent

"replay" of the simulation. Any communication with the program other than

listed above will be accomplished as described by Leach and Perrella :5].

TIMING

The timing of this simulation is done by means of a time loop block.

In this block, the contents of cell 5006B in the CDC 1604.is tested and

stored as ICLOCK. A variable, NW, is generated as the sum of ICIC

and ISTEP, the stepping interval. ISTIP is determined from another variable

TFACTOR that is equal to one for real time. TFACTOR equal to three would,

for example, cause the game to run at three times real time. When ICL40CK
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becomes greater th.a, or equal to NM the loop is silted and tiko simu-

Lation continues. This procedure is easily folLoved in Appedi.css

II and IV.
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6. CoOMMIMS~ AND ACINfOWLZDG MS

The consideratione mode In the formulatlon and construction of

this simwlatioa have made soe observations poesible. Only the basic

modular structure of the simulation has been considered in detail. Each

individual moduLar block has been designed in as simple a form as

possible while maintaining same degree of realism. The simulation is

sound in it@ gcneral organization. New program blocks may be substituted

making the simulation as realistic as desired. It is hoped that this

simulation will be played with more sophisticated models and on-line

equipment of greater capacity so that doctrine and tactics in the area of

self-inflicted nuclear environment may be explored.

It was found ti:at the general purpose computer language was com-

pletely satisfactory for the construction of this simulation. The mod-

ularization technique made the lcgical organization of the simulation

straight forward and is recommended for use in future simulations.

The author wishes to express his appreciation to Professor

Mitchell L. Cotton and Professor Alvin F. Andrus for their aid and

encouragement in the preparation of this thesis. In addition, the author

would like to thank Miss Patricia Roang for her assistance in programing

the linking subroutines and LCDit Richard 3. DeWinter for his ctm ents

in proofreading •~tranuscript.
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LI5T • VAZIA3LIS I|
This Appendix contains a listing of the variables used in the

si•ulation XTlUC1, arranged in alphabetical order.

Varioblg Dyfinitiou

A1OCM4X Maximum range of the ASROC, in yards. This is an
input parameter, set 4qual to 9,000 yards by the inputs
block and can be changed in the change inputs block.

AROCXIX Minimum safe range for the ASROC, in yards. This value

Is computed ii the initializing block, and is a function
of warhead size.

3 Last bearing the submarine held of the nearest destroyer,
in degrees true.

BI1(P A dummy variable used in the contact tracking block
for the determination of contact speed.

C3VTEZR The course such that the submarine will split the
channel between the destroyers. in degrees true.

C 10r_(T.) ( adit:s of the ith cloud of radiation, in yards.

CLOUDX(I) X-coordinate of the ith cloud of radiation with respect
to the main coordinate system, in yards. j

CLOUDY(I) T-coordinate of the ith cloud of radiation with respect
to the main coordinate systam, in yards.

tht

COMM3(I) Bearing of sonar contact of ith destroyer, in degrees.
true.

CONTC(I) Contact course, as computed by the contact tracking
block, in degrees true.

COWrR(I) Sonar range to contact, as measured by the ith destroyer.

COTS(I) Contact speed as computed by the contact tracking model,
in kiots.

th -
CORTX(I) X-coordinate of the i destroyer's contact, in yards,

with respect to tse main coordinate system.

COMMY(l) Y-coordinate of the ith destroyer's contact, in yards,
with respect to the maii coordinate system.
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Variable Definition

D Difference between the tr-se bearing to the su~marine
from the destroyer ed4 "e submarine's true course,
in degrees. This is used in the determination of
doppler.

DA Absolute value of D.

DAMAGE Percent damage to the suboarina from the current
detornation.

DAN&= Cumulative damage to the subiarine, in percent.

DDC(I) Course of the ith destroyer, in degrees true.

DDS(I) Speed of the ith destroyer, in knots.

DDSM•AX(I) Maximum speed available to the h destroyer, in knots.

DDX(I) X-coordinate of the ith aestroyer, in yerds, with
respect to the main coordinate system.

DDY(I) Y-coordinate of the ih destroyer, in yards, with
respect to the main coordinate system.

DER Detection range, in yards. This is a random variable
with mean DETRM and normally distributed with sigma
of .3 times DETLM.

DET1R( Mean detection range, in yards. A fuction of GD
SUBD.

DISTC(I,J) Distance of the ith destroyer from the center of the
jth cloud of radiation.

DISTP(I,J) Distance of the Ith destroyer from the center of the
jth pool of radiation.

DOB Depth of burst, in feet, of ASIOC warhead.

DR Advance of the destroyer considered, in yards, between
marks as considered by the tracking model.

DTIDM Total time delay from the firing of an ASROC and the
detonation, in seconds. This includes time of flight
and time of :-•!•

DOW A dumy variable used throughout the progrm.

DX East-vest ad'mnce of the destroyer considered, in yards,
between marks as considered by the tracking model.

41



yVrisbla af nfition

0! North-south advance of the destroyer considered, in
yards, between marks as considered by the tracking
model.

15.1 Effective sonar race, in yards. Computed by the

initislising block.

MAD Water tserature gradient, in degrees per hundred

feet of depth.

CTD1 GCame time, in minutes. At the start of the game
GTMI is zero.

GZX X-coordinate of ground zero foc the detonation
considered, in yards, with respect to the main
coordinate system.

GZY Y-coordinate of ground zero for the detonation
conzidered, in yards, with rospect to the main
coordinate system.

HULL Submarine hull thickness, in inches of steel.

IASROC Hull number of the destroyer that fired the last1

ASROC. If no ASROC has been fired, ZASROC is zero.

ICLASS(I) Sonar classification of the ith destroyer's contact.
0 - no contact, 1 - possible submarine, 2 - probable
submarne.

ICLOC= Contents of location 5006B in the CDC 1604. The CDC
1604 steps this cell once every second.

tM;.X(I) A da=y vector of X-coordinates of points to transmit
circles to the display.

ICIRCY(I) A dummy vector of y-coordinates of points to transmit
circles to the display.

ICON3B(I) Fixed point version of CONT3(I), used to transmit to
the display.

I!ODNTC(I) Fixed point version of COWTC(I), used to transmit to
the display.

ICRrT# A series of critique indicators. 0 - pass.

I 1 - sonar contact

2 1 - ASROC fired
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V.riable Definition

IcrIT#

3 1 - torpedo fired

4 1 - ASIOC misfire

5 1 - targst in range

6 1-sub sunk

7 1 - destroyer sunk

8 1 - target too close to shoc at

9 1 - target out of ASaOC range

11 1 - game is a draw, sul.uarine escaped

12 1 - submarine wins, destroyer 1 sunk with submarine
QsCaping

13 1 - oubmarine wins, destroyer 2 sunk with submarine
eacap ing

14 1 - submarine wins, both destroyers sunk

15 1 - destroyers win, submarine sunk by destroyer 1

16 1 - destroyers vin, submarine sunk by destroyer 2

.7 1 - submarine wins by transiting between the destroyers

IDDC(I) Fixed point version of =C(I), used to tranamnP to
the display.

IDDS(I) Fixed point version of DDS(I), u&.d to transmit to the
display.

IMOX(1) Fixed point version of DXI(I), used to transmit to the
display.

IDDT(I) Fixed point version of DY(I), used to transmit to the
display.

IDEEP An index used to indicate the classification of nulear
burst. I - very shallow, 2 - shallow, 3 - deep, 4 -

very deep.

IDOPM(I) An index used to indicate the doppler of the ith
destroyer's contact. 0 - no doppler, I - up doppler,
2 - down doppler.
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Variable Dfinit ion

Iva A-n index uaed to indicate &e over. 0 - ae not over,
I - &ane over.

IF111 An index used to indicate if the submarine has fired a
torpedo. 0 - torpedo not Rctive, I - torpedo still
active.

fl.Q2C A logic index used in tCIA submarine model.

1I01 Tb. lovest destroyer hull number. Equal to 1 at the
beginning of the g. If destroyer nimber one is smk
the IOK3 is equal to two.

IIIIAL An index of the initial situation. 0 - submarine at
the ozigin, 1 - subemrine randcmly distributed in
the upper half of the playing area.

11 Radius of display area, in thousands of yards.

IRAMIDM A random mznber selected to initializa the random
number geerator. This number must be an odd integer
in the interval 1 to 67108863.

ISHOr1 A flag used to activate the firing sequence for
destroyer 1. 0 - do not shoot, I - shoot.

ISEWT2 A flag used to activate the firing sequence for
destroyer 2. 0 - do not shoot, 2 - shoot.

ISL(I) A progressive index of the quality of the firing
solution the ith destroyer has on its target. 0 - no
solution, thru 5 - best solution.

ISS Se state.

ISTIP Fixed point version of TSTEI.

WTIA Submarine basic strategy vhen the submarine is controlled
by the computer. 0 - run for it, 1 - go up the middle,
2 - end run.

ISU=C Fixed point version of SUBC.

ITMRJ Lo;ical index that records the submarine's initial
Lurn. 0 - left turn, 1 - right turn.

1z0 X-coordinate of center of displayed area, in hundreds
of yards vith respect to the main coordinate system.

IMD(I,J) A dynamic table cf trick data, recording the X-coordinate
of the jth mark of the ith destroyer. The maximum value
of j is eight. Intries ire in yards, vith respect to the
main coordinate system.
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Variable Definition

=0D1(I) This variabl, is equal to L=(1, I).

IL.D2 I) This variable is equal to 1D=(Z, I).

IX3UB(IJ) A dynamic table of track data, rac'r.&0n& the X-
coordinate of the jth mark of the itL destroyac's
sonar contact. The maxinum value of j is eixht.
Entries are in yards, with raspect to tb., main coordinata
systaim.

IXSUZI(I) This variable is equal zo IT•U3(lI).

USU 2(1) This variable is equal to USIX(2,I).

I10 Y-coordinate of canter of displayed area, in hundreds
of yards with respect to the main coordinite system.

MWD(I,J) A dynamic table of track data, recording the Y-.oordinate
of the jt mark of t'e ith destroyer. The aixiaum
value of j is eight. Entries are in yards, with respect
to the main coordinate system.

IYDDI(1) This variable is equal to MDD(]X.

IYD2(I) This variable is equal to ITDD(2,I).

ITSUB(I,J) A dyreic table of track data, recording the T-coordinata
of the jth mark of the ijth destroTer's scnar contact.
The maxima value of j is eight. Entries art in yards,
with respect to the main coordinate syvtý:.

1YnlBI(]) This variable is equal to ITSUB(l, 1).

IYSUB2(1) This variable is equal to IY.TU3(2, I).

IWINDD Fixad point version of WMLD, used to transmit data to
the display.

WKUS (l) Number of continuous marks, up to five, the ith

destroyer has on his sonar contact.

N A duzmmy variable.

NCONAM Nu=ber of constant bearing the submarine has on the

nearest destrjyar.

NE= Time of the next cycle, in seconds of coputer time.

NiARZIS(I) Same as MABXS(I) exeapt l2MRZS(I) does not stop at fiva.

45



"N(SLxSQr Indexc to limit destroyers to one active weapon at a
tine. 0 - there are no active weapons, inlriht to
sh.oot, I - there is an active weapon, cannot shoot.

Ir.lex used to cvntrol disalay data until there aro
eig•t point available on destroyer tracks.

5 1 A d viy variable.

NFiS2 A d; uy variable.

l"'R•D The highest destroyer bull number. Equal to 2 at the
'aeginning of the gawe. If destroyer number two is
sunk then IMIDD is equal to one.

11'3*-0T$ Total number of AZIOC's fired during the gam=.

A randc-= :tr±.lC used to determine if a torpedo, fired
by the subcarine, hit the destroyer.

P(ALR(I) Radius of the ith pool of radiation, in yards.

1\cLX(I) X-coordirnate of the ith pool of radiation, in yards,
with respect to the main coordinate syotem.

POOLY(7.) Y-coordiaste of the ith pool of radiation, in yards,
with respect to the main coordinate system.

R Radius of the displayed area, in yards.

REL A randam variabl* used to determine ASROC reliability.

RADDOS(E(I) Total radiation dose the ith destroyer has been exposed
to during the game, in roentgens.

RADJ•ATE(I) The rate at which the ith destroyer is receiving
radiation, in roentgens/hr.

A41ZDOM The random variable usad to link the various random
geanerators.

RANGE A dumy variable used as a temporary storage in range
ca lcula t ions.

'LETHAL The lethal range of the ASROC warhead, in yards.

SAFETY Safety factor used to compute submarine maximum
operating depth as a function of the crush depth of
the hull.

SB(I) Screw beat count of the ith destroyer as r.easured by the
submarine.
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Variable Dftinition

$1GM A dumy variable used in the calling of norwlly
distributed randoce variablts.

SI Sint rate of the ASROC warhead, in feet per second.

SSB(I) T1',s actual beating of the su'ýv4arine from the ith
destroyer, in deiaes true.

STS•SS Yield stren,;th of the steel used in the sumaarina
hull, =easured in thousaaWs of pournds per square inch.

SU3C The true submarine course, in degrees true.

SUBD The actual submarine depth in Leet.

SLUDMAX The mritx1um allowable cperational depth of the submarine,
in feet.

SMS The actual speed of the submarine, in knots.

SU3BSMAX The axim.um speed available to the submxarine, in knots.

SLUX The actual submariue X-coordinate with respect to the
main coordinate system, in yards.

SUBY The actual submarine Y-coordinate with respect to the
main coordinate system, in yards.

SLIM A dummy variable used in the computation of radiation
dose.

TBLTMT(1) Time of detonation of the ith ASROC warhead, measured
in game time.

TERP A dummy variable.

TKMP1 A dim y variable.

TEMP2 A dummy variable.

TMV3 A dummy variable.

T-MV4 A dtzxy variable.

TEMP5 A d-mmy variable.

TEIMPCR(I,J) The radiation rate received by the ith dessroyer from
the jth cloud of radiation, in roentgens per hour.

TEIPPR(I,Jý The radiation rate received by the ith destroyer from
the jth cloud of radiation, in roentgens per hour.
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TFACT!O A time factor, I - ral time, 2- doublo time, .5 -

half time.

T•IMM Depth of the thermocline, in feet.

T11=A A dummy variable used in the computation of courses and
bearings.

TINTR Tir to intercept of a torpedo fired by the submarine,
in minutes.

TLOGIC A time storage point used to control timed logic.

T03 Time of burst, this includes time of flight an,' :Ink
time of t1he ASROC warhead, measured in minutes of game
time.

TCF Time of flight of the ASROC warhead, in seconds.

TOS Sink time of the ASROC warhead, in seconds.

TSTEP The time stop for each cycle of the game, in seconds.

TXDD(I, J) A temporary stcrage of the j past position X-coordinate

of the ith destroyer used in preparing track data for the
display, measured in yards.

TYDD(I,J) A temporary storage of the jth past position Y-coordinate
of the ith destroyer used in preparing track data for the
display, measured in yards.

TXSUB(IJ) A temporary storage of the jth past position X-coordinate
of the ith destroyer's sonar coi act urcd in preparing
track data for the display, measured in yards.

TYSUB(L,J) A temporary storage of the jth past position Y-coordinate
of the ith destroyer's sonar contact used in preparing
track data for the display, measured in yards.

VEL The relative velocity of the torpedo fired by the sub-
marine, with respect to the destroyer target, in knots.

Wl A dmny variable used to determine the destroyer that
is closest to the submarine.

V2 A dummy variable used to determine the destroyer that
is closest to the submarine.

WINDD Wind direction in degrees true.

WINDV Wir-i velocity, in knots.
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Var14.iabl Dqfinttion_

I(IJ) Thei. 2-coordirsts of the LtlI destroyer' £ j thcontinuouLs
mark on its sonar erontauct, in yards, with respect to
the main coordinate syste..

=D(I,J) The X-coordinats of the ith destroyer J-1. steps ago,
in yards, with reipect to the main coordinate system.

X0 The X-coordinate of the center of the displayed area.
in yards, with raspqct to the main co-ordinste system.

XTM ~A d~mmy variable used for taiporar'y storage of I-coordinates.

Y(1,3) The Y-coordinato of the ith destroyer's ajt continuous
mark on its sonar coctact, ini yards, with respect to the
main coordinate syste.

YDDCI,3) The Y-coordinrite of the ith destroys. J-1 steps ago,
in yards, with raspect to the mein coordinate systeu.

YIEL The yield of the ASROC warhead in kilotona.

YO The Y-co-ordinate of the center of the displayed area,
in yards, with respect to the main coordinate systai.

ZZX A vector of destroyer and autmarine I-coordinates used
by the graph plot routine in Critique 1.

ZZ! A vector of cecstroyer and submarine T'-coordinates used
by do griph plot r~outine in Critique 1.
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APMI•lX 11

LOGIC 1LCW DIACUAS

This Appendix contains a series of logic flow diagrams az listed

below.

Executive Control

Plot Generator

Interactions

Radiation Model

Submarine Logic Model

Run for It

Up the Middle

End Run

Submarine Teom Control

Sonar Cortact Model

Contact Tracking Model

Weapon Firing Model

Evalu&tiOn Model

Critique I

Critique II

It will be noted that the statement number from the program listing is

shown in the upper right hand corner of each symbol in the block diagram.

This should aid in correlating this Appendix, with Appendix IV.
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1104 CHART SYMOLS

Q Z ) ., connector or terminal.

An offpage connector.

A predefined process or sWoule/subroutino..
A more detailed flow chart of this subroutine is also
included.

input/output ot'her than diRpl~ay.

Decision.

Processing, annotation.

Displey.
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A??•II YXII

SSMT '3~1InS AND rXC 160 mcvf M-It" U

This A2andix ;:ontsias as *xlanetion of the subroutLnes used in

the main program and the CDC 160 executive routine uee to connect tbe

CDC 1604 with the D0 65 dlsp.ay. A listintg of these sabroutines can be

found in Appendix IV.

Subroutine RAWAR is used as the basic raMow number generator. It

&enerates random floating point numbers in the interval zero to one t'st

are distributed uniformly in that interval. The random variables used

in the si•a program are called from either U•W I'X, WOBL or MMM

subroatines which in turn call RANVAR for input. The generator is a

simple fixed point division utilizing the remainder from the Q register

as the random number. This number is then mapped isto the sero to one

interval. Only one input is required to initialize this generator,

namely IDAIMI.

SumOUTIc UMMx

Subroutine UNUlF(XN is a three argument subroutine used to generate

uniformly distributed random numbers in any interval. The arguments are:

1. The center of the interval.

2. The half width of the interval.

3. The output random number.

An example would be UNWIF(U (5.0, 2.0. SUBS). This cell would yield the

variable SUBS, submarine speed, uniformly distributed in the intwrmal

with center at five knots and plus or minus two km4W.
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$4,broutino NX(•IAL is a three argument subroutina used to ;ere•tate

'c•ly distr-lb~jtei ia:vlom nwwbors wit-i 4ny moati e ta,-xirl dv%,:.,

'hs norrmal distriýuticn is genersted by means of tCe a.= of identically

distributed (uniform) randccb variables. Twelve uniform n.bars ore used t

bea ue@

1. The truncation is not significant.

2. ?v*& reduces the formula ta a sutmation svmJ no diviaon is

requjired.

The arg.•a•ts to this subroutine are:

i. The mean of the distribution.

2. The sia of the distribution.

3. The output random number.

Subroutine K2.OR is a five argument subroutir. used to vsnerate

circular normal distributed random variables. This subroutine is used

to ,etermine the true fall of shot given the aiiiin3 point anj CEP or

sisma of the distributton of fall or shot. The argumrents are:

1. The I-coordinate of the ain point.

2. The Y-coordinate of the aim point.

3. The sip i f the circuLar normal distribution.

4. The X-coordLnate of the fall of shot.

5. The Y-coordinate of the fall of shot.

SUUXOUT]• CIMCI.z

Subroutine CIRCLS is used to gen:rate a series of points, 24 in

number, every 15 degrees around the perimeter of a circle of predetermined
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ceuter aed radius. TIe circle is thei used in the formatton of tIe

circular clods and pools of radiation displAyed to the destroyer ter.

The argumetta are:

1. T' X-coordinate of the center of the circle with respect to

the main coordinate syte.-

2. The T-coordinite of the center of the circle with respect to

th asain coordinate systm.

3. The radius of the circle with respect to the main coordirnte

system.

4. The X-coordinate of the center of te display with respect to

te ma in coordinate system.

5. The T-coordinate of the center oi the display with respect to

the main coordinate system.

6. The radius of the displayed area.

7. A vector of X-coordinates of the 24 points in the circle with

respect to the display coordinate systm.

8. A vector of 1-coordinates of the 24 points in the circle with

respect to the display coordinate system.

SUDIRTInS DCIRCLI

DCI•CI is a subroutine used to trexmit the circle coordinates,

generated in subroutine CIRCIS, to the CDC 160 from the CDC 1604. The

arguments to this subroutine ore:

1. rThMlO - the track of circle number by which this particular

circle can be designated.

2. C1HAR - a single letter or number in hotlerith form that ts to

be displayed as one of the points in the circle

3. In the program MJIMC the letter c and p are used to dis-

tinguish between clouds sad pools of radiation.
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4. NUMfTS - the number of points in the circle. {t
5. 1X - a vector of X-coord1ites for the circle.

6. IY - a vector of Y-coordinates for the circle.

St7oUrL'V*x DTRACX

Subroutine OTRACX is used to transmit crack data to the CDC 160

from the C 1604. This subroutine will send trscks of up to eight points

to the CDC 160. The arguments to this subroutine are the same as those

in DCUICCLB, in fact the two routines are identical with the exception of

the sllowsble nu;-ber of points.

SUBROUTINE DSTATUS

DSTATUS is a subroutine used to transmit information to the windows

described in the section on Man Machine Interface. This information can

be in two forms:

i. Progran variables in fixed point form.

2. Messages in holleriLh form.

Tho srguents are:

1. ITYPE - zero reprasents a numerical progr•a variable is to be

sent, while one indicates that an eight hollerith character word is to be

sent.

2. WIND - the rnumber of the window to which the variable or word

is to be sent.

3. IW - the field width of the variable.

4. nW( - the nae of t.he variable to be transmitted.

5. IX - the X-coordinate of the lover left hand corner of the

window.

6. II - the Y-coordinate of the lower left hand corner of the

window.
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It should be noted that windoes are 128 dispLey coordinates units 1o0.

If a aessage in the form of words is to be sent to the dispL•ay and It is

longer than e*tL~ letters (the length of one vindow) it cen be sent by

uoe.s of more than one window. These •ir•dovs 4bould be tisplaced by 128

units in ta X direction, thus the windows may form a coutinijoum word of

more then eight characters.

SUUOUTID ?AX.AMS

PARUM is an eight argument subroutine used to ruery the CD 160

as to the contents of cight selected windows. This subroutine allows

the main program, in the CDC 16C4, to enter changes that have been ned.

to the windows of the dis$1ly by the player. This is the only method the

player 12es of corounicating with the progra- without interrupting the

p•ay. The oight argxzaents to this subroutine are:

1A - the contents of window 5

ZA - the contents of window 6

S- the contents of window 7

4A - the contents of window 8

5A - the contents of window 9

6A - the contents of window 9

7A - Lhe contents of window 16

8A - the mmeric value of a location in the CD 160 that is

controlled by the DD1 FIZ and W02 TIRE buttons.
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A PFEND IX IV

MOGRAM LISTDE

Thits App-todix t=Lainj the computer progrsa l1sting of the siau-

letiov ,IL.NXI. To;e prograem block* are in numerical order and t.'e logic

can be followed by croos referencin& this AppeadLA vith Appendix I. In

this proSraw all cLassified inpvt parameters have been assigned fictitious

values so that the 9rogriz, as presented in this thesis, could renain
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